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摘  要 
金属纳米材料因其特有的局域表面等离激元共振特性（Local surface plasmon 
resonance, LSPR）而广泛应用于半导体材料发光、太阳能电池、表面增强 Raman 散射







































有效调控，并获得了与 ZnO 带边能量相匹配的多极子模式的 LSP 共振；通过荧光光谱
表征结果证实，Ag 纳米球的四极子模式的 LSP 与 ZnO 激子的有效耦合，显著地增强了















且，进一步的循环 Raman 和 Raman mapping 表征则说明，这种大面积、周期性的非对
称金属/半导体纳米阵列结构衬底具有高效、稳定、信号均匀、可循环利用的优点，非
常适合作为多功能的光电化学-SERS 芯片。 

















和 PATP 分子）时表现出的 SERS 特异性及其理论计算的近场分布情况，并采用能带结
构和电子传输机制，对这种金属纳米团簇增强探测分子 Raman 散射信号的机制做了细
致探讨。Raman 测试结果可以进一步得出该 Ag44 纳米团簇可与普通的金属纳米结构的



































































Noble metal nanomaterials featuring with the unique localized surface plasmon 
resonance (LSPR) properties have been widely researched with the applications to light 
emitting diodes (LEDs), solar cells, bio-medical sensors and so on. The LSPR generated 
around metal nanoparticles (NPs) mainly induce the enhancements both in far-field scattering 
and localized near-field. Due to the enhancing far-field scattering, the absorption in the 
semiconductor materials around the metal NPs can be improved potentially resulting in the 
the enhancement of light extraction efficiency in related semiconductor devices. While, the 
localized near-field can be proposed to modulate the distribution of photon density of states 
around the metal NPs, so the effective coupling between surface plasmons (SPs) and excitons 
in semiconductor materials can be realized. Additionally, the strongly enhanced near-field by 
several thousand times is beneficial for the high-performance surface-enhanced Raman 
scattering (SERS) detection. Moreover, sub-bandgap absorption of metal NPs greatly 
contributes to the generation of the hot electrons with high energy, which turn out to be quiet 
helpful to improve the photocatalytic efficiency of the surrounding semiconductor in visible 
light irradiation.  
Since the surface plasmon resonance is strongly dependent on the dielectric environment 
surrounding the metal NPs, it is feasible to manipulate the resonance characteristics by 
designing and fabricating different metal/dielectric composite structures with the aim to 
improve the corresponding performances. Au, Ag etc., as noble metals with strong 
antioxidation, long-lasting stability, low toxicity, bright colors and a variety of morphologies, 
exhibit potential applications by being further researched and developed. In particular, 
currently, Ag nanostructures have become a hot research target due to the controllable LSPR 
frequency ranging within a wide spectral range from the ultraviolet to the near infrared. On 
the other hand, zinc oxide (ZnO) semiconductor, with the wide band gap of 3.3 eV, high 














objective because of its excellent performances in optoelectronic devices. In this thesis, given 
the intensive research attentions in the above mentioned materials and their corresponding 
applications, several kinds of metal/semiconductor (Ag/ZnO) composite nanostructures with 
controllable morphologies, different contact modes, and various dielectric environments have 
been designed and successfully fabricated by the modified nanosphere lithography (NSL) 
method combined with annealing process and film depositing technologies. The near-field 
distribution and far-field scattering effect around the Ag nanostructures also have been 
effectively manipulated by modulating the induced LSPR properties. Additionally, these 
plasmonic nanostructures have been practically applied in different areas, such as enhancing 
emission of semiconductor, high sensitive SERS detecting and visible light induced 
photocatalysis. The SPR effect mediated enhancement mechanisms in these applications also 
have been systematically investigated by the theoretical simulation and energy band 
alignment theory. The detailed results will be presented as follows: 
Firstly, large scale and periodic Ag nanoballs (NBs) decorated ZnO hollow nanosphere 
(HNS) arrays were designed and successfully fabricated, and a significant band edge (BE) 
emission enhancement on ZnO has been realized in the composite structure through the 
energy matched coupling between the quadrupole mode SPs and excitons in ZnO. In this 
work, a technique based on a combination of nanosphere lithography (NSL) and 
pulse-laser-induced annealing was proposed to configure these direct contact Ag NB/ZnO 
HNS arrays. By optimizing the laser power and regulating the size and distribution of ZnO 
HNS template, the resonance frequency of quadrupole mode SPs on Ag NBs was well 
controlled to match with the energy of excitons in ZnO. The SP mediated BE emission 
enhancement of ZnO was verified by the cathodoluminescence (CL) characterization. 
Furthermore, the inside mechanism of the emission enhancement has been discussed in 
details by the FDTD calculations and time-resolved photoluminescence (TRPL) spectra, 
which evidenced that the high order LSPR of metal nanoparticles can also be effectively 















emission. Besides, compared with the dipole mode LSPR, the energy of quadrupole mode 
SPR in Ag NBs generally overlaps with the region of ZnO BE emission and exhibits little 
shift with changing the NB’s size, which makes it favorable to enhance the emission of wide 
band gap semiconductor materials and shows a broader prospect in applications to 
corresponding optoelectronic devices. 
Secondly, two kinds of asymmetric Ag/ZnO nanocomposites have been successfully 
fabricated to realize a much stronger near-field induced by both the LSPR and the field 
compressive effect of asymmetric dielectric environment around Ag NPs, which is beneficial 
for the high sensitive SERS detection. Interestingly, the LSPR energy can be controllably 
broadened from ultraviolet (UV) to visible region in these two structures, which will be 
helpful for improving the photocatalytic properties in the Ag NP decorated ZnO 
semiconductor structure. The experimental and simulated results confirm that these two 
asymmetrical Ag/ZnO nanocomposites do embrace the functionality as both the 
high-performance SERS substrates and the improved photocatalytic properties in the 
UV-visible region. An electron transfer model combined with band gap alignment was 
proposed to systematically investigate the distinguishable photocatalytic mechanisms in these 
geometrically different asymmetric Ag/ZnO nanocomposites under UV and visible light 
irradiation, respectively. According to the further verification of the uniform, stable and 
recyclable Raman signals of the rhodamine 6G (R6G) probe by the Raman mapping 
characterization, it is believed that such a large area, periodic asymmetric 
metal/semiconductor nanoarrays are suitable to be used as a multifunctional 
photoelectrochemical & SERS chip. 
Thirdly, both molecular property with the discrete energy level and LSPR performances 
related to metallic nanostructures were verified on the thiol protected Ag44 metal nanocluster 
(Ag44(SPhF2)30) by detailed absorption and Raman vibrational characterizations. A 
distinguishable SERS phenomenon was demonstrated on this Ag44 nanocluster decorated 














analytical probe. The simulated near-field distribution and the energy band theory combined 
with charge transport mechanisms were further carried out to in-depth illustrate the SERS 
enhancement mechanism in the Ag44 nanocluster decorated substrates. Given the systematic 
experimental and theoretical results, it can be addressed that the Ag44 nanocluster is a 
qualified candidate as SERS substrate due to its both chemical and physical enhancement 
properties in Raman scattering. 
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